This paper aims to contribute additional evidence in this respect by focusing on the links between productivity and trade indicators while at the same time controlling implicitly for some of the framework conditions. This is accomplished using an econometric approach that combines input-output and productivity data, which allows a more detailed tracking of the relationship between trade in intermediate and final products and productivity in different stages of economic development. In particular, the aim is to provide additional information on the sectors where liberalisation may yield new sources of productivity growth. The presented approach uses some of the concepts elaborated in the OECD-WTO Trade in Value Added (TiVA) project and can be readily extended to incorporate the new TiVA indicators as they become available.
Our results suggest that Agriculture, Manufacturing and Wholesale and retail continue to be important contributors to country-level productivity and employment in emerging economies. In addition, there are significant potential productivity gains to be had from development of some of the key services sectors such as, for example, Financial and business services or Transport and communication, which are sometimes relatively underdeveloped in emerging economies. These services have the potential to become important elements in structural change that will contribute to increased income levels. The importance of these sectors is further amplified by the fact that high quality services are an important input in increasing the competitiveness of agricultural and manufacturing production.
Our analysis shows that various forms of trade integration will be of significant importance in supporting productivity growth in emerging economies. In particular, our results provide supplementary evidence for the proposition that exporting is associated with higher productivity levels. We estimate that a 10 percentage points increase in the export exposure ratio is associated with approximately 0.1% increase in labour productivity.
We also find that use of foreign inputs in key services and goods sectors in emerging economies has a particularly strong association with productivity in emerging economies; a 10 percentage points increase in the share of imported intermediate inputs (including inputs from all supplying sectors) is associated with approximately 0.5% increase in labour productivity. Electricity, gas and water, Financial intermediation, and Real estate activities
I. Introduction
The ability of firms to access through trade a broader and less costly variety of imported inputs, along with the skills and technology embedded in them, can result in substantive productivity gains, one of the most effective ways to sustainably boost economic growth and competitiveness. Yet, the existing literature provides little information about the links between specific inputs and using sectors.
The augmented dataset used in this study allows us to determine productivity developments at the sector level, identify sectors that contribute most to aggregate labour productivity growth and track the evolution of these sectoral contributions over time. It also allows us to illustrate empirically the relationships between labour productivity and sector-level indicators of export and import penetration, the share of re-exported intermediate goods, the share of value added in output, the extent to which productivity growth is driven by structural change, and the proportion of imported intermediate inputs used in different supplying sectors.
To maximise time coverage (mid-1990s through mid-2000s) this paper uses information from the OECD Input-Output (I-O) tables 2 . It is to our knowledge one of the first attempts to econometrically explore productivity implications of various modes of trade integration with global value chains (e.g. distinguishing between importing intermediate inputs and using them for domestically-destined production and export production) using OECD I-O data. This type of analysis can eventually allow us to better understand the links between different modes of integration with global value chains and economic development. The recent joint OECD-WTO project to measure international trade flows in value-added terms (TiVA) makes extensive use of these OECD I-O tables and presents a more comprehensive set of indicators on imported inputs, value added and re-exports for the years 2005, 2008 and 2009, 3 which could be used in future updates and extensions of empirical work presented in this paper.
Following a brief review of the literature on trade and productivity, which motivates our empirical approach and a description of the methodology, the empirical part of the paper investigates the contribution of different economic sectors to economy-wide productivity growth, controlling for employment developments, distinguishing between different periods and income groups, and identifying the priority sectors in emerging economies.
In a next step, it explores the information on input-output linkages between demanding and supplying sectors (both domestic and foreign) to estimate the degree of association between sector-level productivity and: (i) export orientation; (ii) import penetration; (iii) imported intermediate inputs originating from various supplying sectors; (iv) re-exports of imported intermediate inputs; and (v) the degree to which productivity increases originate in structural change (i.e. migration of labour between sectors). The paper concludes by outlining the policy implications stemming from the empirical results.
Trade and productivity in the economic literature
The link between trade and productivity is at the heart of much of trade theory and applied trade policy analysis. Among the many channels through which trade may affect productivity, the most important are: effects of specialisation and more efficient allocation of resources; higher variety of intermediate goods or services, often at lower costs; economies of scale; enhanced competition; transfer of skills and technology; and (indirectly) through higher investment rates (for recent surveys see Nordås et al., 2006; Newfarmer and Sztajerowska, 2012) . It has also been posited that trade positively influences productivity by promoting indirect (foreign or domestic) investment, whereby any of the above-mentioned factors can raise the return on investment and thus increase investment itself (Nordås et al., 2006) .
According to the theory of comparative advantage-one of the principal explanations of trade and specialisation-trade may boost productivity levels through better allocation of productive resources across economic sectors (Pavcnik, 2002; OECD, 2011) . A mechanism similar to comparative advantage at the country level has also been posited at the firm level: firms may be able to improve their productivity by specialising in a narrower set of core activities while sourcing a range of inputs from other firms, be it domestically or internationally (Rivera-Batiz and Romer, 1991; Grossman and Helpman, 1991; Nordås et al., 2006) .
A varied and more recent strand of literature aims to distinguish between the productivity effects of trade in intermediate and final goods. An influential analysis in this regard, which emphasises access to a more diverse set of imported intermediate inputs, is provided by Amiti and Konings (2007) , who use plant level data from Indonesia. The authors estimate that the productivity effects of a reduction in tariffs on intermediate inputs were twice as large as the productivity effects of an equivalent reduction in tariffs on final goods. Goldberg et al. (2008; found that a substantive portion of productivity gains in India that stemmed from a reduction in tariffs on intermediate goods (which are used in approximately one-third of new, domestically produced goods there) occurred via the extensive margin (i.e. through an increase in input variety). Stone and Shepherd (2011) find evidence that intermediate inputs and capital goods imports make a significant and positive contribution to total firm factor productivity. Their results emphasise that access to skilled labour, access to finance and macroeconomic stability amplify these productivity gains. Using the OECD input-output tables, Miroudot et al. (2009) found similar results and showed that the share of foreign intermediate inputs in the production process improves productivity. Ge et al. (2011) , studied the impact of imported intermediates on productivity in manufacturing firms in China, and their findings suggest that decreasing input tariffs increases productivity through various mechanisms, such as increasing product variety and learning by doing due to better access to inputs, among others.
Economies of scale that can be realised through access to foreign markets, or sourcing from suppliers that have access to foreign markets, can also represent an important source of productivity gains. Recent advances in microtheoretical foundations highlight the pro-competitive effects of trade in final products and intermediate inputs. Competition with foreign firms in domestic markets, in exports markets or in pursuing investment opportunities abroad yield productivity gains and result in shifting resources from less to more productive firms (Eaton and Kortum, 2002; Melitz, 2003; Melitz and Ottaviano, 2008; .
Trade-related technology diffusion, particularly to countries and firms behind the technology frontier, has been identified as one of the most important sources of dynamic, long-term increases in productivity growth rates (e.g. Nordås et al., 2006) . Indeed, Keller (2009) estimated that in many countries, foreign sources of technology account for approximately 90% of productivity growth. Similarly, Arnold and Javorcik (2009) provide evidence that in addition to trade and foreign investment-related technology and knowledge transfer, specialisation associated with intra-firm trade and integration into supply chains is yet another important source of productivity gains.
At the same time, productivity benefits from trade may be compromised if product or factor markets are not competitive, if market signals do not properly reflect social and environmental costs and benefits, or if trade distortions related to misguided industrial policy interventions are prevalent. In particular, the import substitution or infant industry paradigms developed in the 1950s and 1960s posited that in certain circumstances free trade would leave underdeveloped countries specialised in primary commodities and thus sentenced to persistently low productivity levels (Krueger, 1997). These paradigms thus called for import protection and supportive industrial policies in manufacturing sectors where imports competed with domestic production in order to establish a productive and economically viable industry that would not be established otherwise.
While the problems associated with the infant industry argument are well documented, in a recent survey Rodrik (2009) argued that the case against industrial policy does not address the central premise of the need or government's ability to help an industry become viable in certain circumstances, but rather rests on practical difficulties with identifying the 'winners' and the likely possibility of unwanted rent-seeking behaviour. These difficulties have been considered as particularly relevant for developing countries, which might be tempted to emulate the benefits obtained from industrial policy by some Asian economies but do not have as capable administrations and the political ability to withdraw stimulating measures at the right time (Pack, 2000) .
Thus, the debate on the role of trade openness and various forms of industrial policy in the development process continues to this day (e.g. Rodrik, 2009; Lin and Chang, 2009; McMillan and Rodrik, 2011) . Whereas there is already substantive empirical evidence showing a positive link between trade and productivity gains, in presence of market imperfections or distortions these gains can sometimes be compromised. Ultimately, the balance between trade-related gains and losses in productivity is an empirical matter. This paper aims to contribute additional evidence in this respect by focusing on links between productivity and various trade indicators while at the same time controlling implicitly for some of the framework conditions.
3.
Methodology and data
Research questions
The empirical methodology adopted in this paper builds upon the recent literature on the relationship between productivity and trade. It combines the aggregate and sectoral productivity and employment data for the period 
Data

Productivity
The productivity literature provides a rich set of theoretical concepts and measures. Yet, the key factor determining the choice of a productivity measure in applied work is data availability. In the context of this paper, a key objective is to provide maximum time and country coverage that goes beyond OECD members and includes emerging economies. The McMillan and Rodrik database employed in this paper is a version of the Groningen Growth and Development Centre data augmented with additional information from national sources to increase country coverage. It provides labour productivity, value added and employment data at the sectoral and aggregate level for 38 countries (Annex Table A1 .1). Value added is measured in USD using 2000 PPP exchange rates. The McMillan and Rodrik database allows us to cover a long time period , which is a prerequisite when investigating stages of development and their determinants. Sector disaggregation allows us to link productivity data to structural trade indicators for broad ISIC Rev. 3 sectors such as: Agriculture; Mining; Manufacturing; Public utilities; Construction; Wholesale and retail trade; Transport, storage and communication; and Finance, insurance, real estate and business services. The comparatively broad country coverage allows the inclusion of countries at various stages of development and from various geographical regions.
While labour productivity is a less complete measure of productivity than multi-factor productivity (MFP) (see Annex Table A1 .2 for an overview of different productivity measures), its key advantages are easier measurement and interpretation, as well as coverage of a larger spectrum of countries and years. Labour productivity is defined as the ratio of the quantity index of value added to the quantity index of labour input. The OECD (2001) provides a comprehensive discussion of labour productivity as a productivity measure: labour productivity "…[s]hows the time profile of how productively labour is used to generate value added. Labour productivity changes reflect the joint influence of changes in capital, as well as technical, organisational and efficiency change within and between firms, the influence of economies of scale, varying degrees of capacity utilisation and measurement errors. Labour productivity only partially reflects the productivity of labour in terms of the personal capacities of workers or the intensity of their effort. The ratio between output and labour input depends to a large degree on the presence of other inputs …. In comparison with labour productivity based on gross output, the growth rate of value added productivity is less dependent on any change in the ratio between intermediate inputs and labour, or the degree of vertical integration. For example, when outsourcing takes place, labour is replaced by intermediate inputs. This leads to a fall in value added as well as a fall in labour input. The first effect raises measured labour productivity; the second effect reduces it. Thus, value-added based labour productivity measures tend to be less sensitive to processes of substitution between materials plus services and labour than gross-output based measures. Because labour productivity measures reflect the combined effects of changes in capital inputs, intermediate inputs and overall productivity, they do not leave out any direct effects of technical change, be they embodied or disembodied. The latter operates via capital goods and intermediate inputs and so affects labour productivity; the former generally enhances production possibilities for a given set of inputs and so also affects labour productivity."
OECD INPUT-OUTPUT data
The OECD Input-Output tables provide information on the type of inputs (e.g. primary factors such as capital and labour, as well as different types of intermediate inputs) used in production by specific economic sectors. They distinguish between imported and domestically produced inputs and thus are a valuable source of information on links between productivity and different indicators of integration with global value chains such as exports, final and intermediate imports or re-exported intermediate imports. The tables are available for all OECD members, two regions (Euro area and EU27) and the following non-OECD countries: Argentina; Brazil; Bulgaria; China; Chinese Taipei; Cyprus; India; Indonesia; Latvia; Lithuania; Malta; Romania; Russian Federation; South Africa; Thailand; and Viet Nam. Sectoral classification follows the International Standard Industrial Classification (Rev. 3) and thus the tables can be merged with the McMillan and Rodrik productivity data.
One shortcoming of the OECD Input-Output data is that the time dimension is restricted to three periods (mid-1990s, early-2000s and mid-2000s) . Whereas broader and more specific time coverage would be preferred, the data at hand covers the period during which some emerging economies have seen important accelerations in their economic development and thus is deemed sufficient to provide a basis for generalisations. The presented approach uses some of the concepts elaborated on in the OECD-WTO Trade in Value Added project (e.g. distinguishing between importing intermediate inputs and using them for domesticallydestined production and export production) and can be readily extended to incorporate the new TiVA indicators as they become available.
Empirical strategy
Productivity growth decomposition
To establish which sectors contributed the most to productivity growth in our country sample the first regression relates changes in aggregate labour productivity (across all sectors) in country i from period t to t-1 ( to changes in sectoral productivities in industries indexed by k ( , controlling for country and year fixed effects.
(1) ∑ The regression's coefficients give us the average percentage point impact on aggregate labour productivity growth of a 1 percentage point increase in labour productivity growth in a specific sector k, holding everything else equal (Annex Table A1 .4). A sector can contribute to aggregate productivity either through increased sectoral productivity while the size of the sector does not change (contribution from within the sectors), or through increased size while the sectoral productivity does not change (contribution from between the sectors). This is why it is interesting to also perform two variations of this regression, one with aggregate employment growth as the dependent variable and sectoral employment growth rates as independent variables (Annex Table A1 .5a), and one with productivity growth as the dependent variable and sectoral productivity and employment growth rates as independent variables (Annex Table A1 .5b). All estimations are conducted for three country sub-samples (total; low and middle income countries [LMICs, interchangeably referred to as 'emerging economies' in this paper]; and high income countries [HICs] ) and three different periods (total; before 1995; and 1995-and-after) . Thus, the results of regression (1), as shown in the Annex Tables A1.4, A1.5a and A1.5b, allow comparing results across time and income groups.
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Labour productivity and trade in final and intermediate goods
In order to shed light on the relationship between trade and productivity, the second set of regressions econometrically tests for statistically significant relationships between the observed differences in labour productivity and several trade indicators measured at the country and sector level. Hence, the level of labour productivity (in logarithms) is regressed on a number of country and sector-specific trade-related indicators that are constructed using data from the OECD Input-Output tables, while controlling for income per capita (to control for level of development) and country and year fixed effects:
The regressors of interest, derived from a rich empirical literature (e.g. Pavcnik, 2002; Esleva et al., 2004; Muendler, 2004; Bernard et al. 2006; Fernandes, 2007; Verhoogen, 2008; Amity and Konings, 2007; Stone and Shepherd, 2011; Goldberg et. al, 2008; id., 2009 , Van Biesebroeck 2005 De Loecker 2007) , include:
T-statistics and p-values reported in the table are based on robust standard errors clustered around country-years.
7.
For this set of regressions t-statistics and p-values reported in the corresponding Annex Tables A1.6, A1.6a and A1.6b are based on robust standard errors clustered around country-sectors.
is the export exposure ratio calculated as the ratio of the value of exports from the supplying industry k in country i and period t and the value of total output of industry k in country i; is the import penetration ratio calculated as the ratio of the value of imports (destined for both intermediate and final use) of industry k products by country i in period t and the value of total output of this industry in country i; is the (log of) GDP per capita in constant prices in country i and period t to control for a country's level of development; and denote, respectively, country and year fixed effects which allow us to implicitly control for some of the framework conditions.
Similarly to regression (1) estimations are conducted for three country sub-samples (total; low and middle income countries; and high income countries) (Annex Tables A1.6, A1.6a and A1.6b). While the results of regression (2) allow us to assess productivity impacts of importing specific intermediate inputs across all using sectors, they do not allow us to be more specific as to which using sectors' productivity is impacted most by specific imported intermediate inputs from supplying sectors indexed by l. Thus, in the third set of regressions equations equivalent to (2) are estimated separately for each of the using sector k in the total sample of countries.
8 The sector-specific results are reported in the Annex Tables A1.8-12. Table 1 are based on robust standard errors clustered around countries.
For this set of regressions t-statistics and p-values reported in the corresponding
Results
Priority sectors for improving productivity in emerging economies
The results of the first regression, which attempts to estimate sectoral contributions to aggregate productivity growth, are most telling when considering separately low-and middle-income country and high-income country groupings (Annex Table A1 .4, Columns 4-9). The results of the corresponding regression which controls for sectoral employment growth are presented in Annex Table A1 .5b, Columns 4-9.
The estimates show clearly that in HICs, the contributions to productivity growth of key services sectors such as Construction, Wholesale and retail, Transport and communication and Finance and business services have gone up significantly. For example, in the 1995 and after period, a 10 percentage point increase in labour productivity in Finance and business services in HICs was associated with a 1.05 percentage points increase in aggregate labour productivity, up from 0.83 percentage points in the pre-1995 period. The sectors with the largest increases in this respect are Construction (rising from 0.11 to 0.67) and Wholesale and retail (rising from 1.36 to 1.83). At the same time, the estimated contributions of more traditional sectors such as Agriculture and Manufacturing diminished in HICs (falling from 0.42 to 0.26 and from 2.24 to 1.98, respectively). This does not mean that these more traditional sectors are not important in individual HICs but rather that their contributions to aggregate labour productivity growth across the countries and periods covered in our sample declined relative to other sectors, and in some countries became insignificant. Interestingly, Mining, which made an insignificant contribution in HICs in the pre-1995 period, has become significant more recently.
In LMICs, other service sectors' contributions diminished or became insignificant in the period after 1995. Finance and business services' contribution remained statistically significant but halved in size (falling from 0.83 to 0.46). In contrast, the contribution of Agriculture and Manufacturing increased slightly, rising from 1.50 to 1.63 and from 1.88 to 2.10, respectively, in the pre-and post-1995 periods. These figures suggest that Agriculture and Manufacturing remain important sectors in LMICs. In particular, the industrial changes that clearly happened in these countries did not erode the importance of Agriculture in terms of these countries' economy-wide productivity. The exception to this was the Wholesale and retail sector, which remained a significant contributor to aggregate productivity growth both before and after 1995. LMICs recorded approximately a 2.28 percentage point increase in their aggregate labour productivity rates for each 10 percentage point increase in the Wholesale and Retail sector's labour productivity growth.
Overall, there is a clear distinction in the evolution of sectoral contributions to aggregate labour productivity growth between LMICs and HICs. In LMICs, the contributions of traditional sectors are increasing while those of the services sectors are diminishing. The opposite is the case in HICs. This decoupling has to be observed carefully not only because it suggests a divergence between the productive structures of the two country groupings but also because services, including foreign services, have been shown to be an important input into competitive agricultural and manufacturing production (e.g. Gonzales, Jensen, Kim and Nordås (2012)).
As foreshadowed above, increases in labour productivity, be it at the aggregate or sector level, can happen as a result of value added increases at a given employment level, a fall in employment at a given value added level or as a combination of the two. This is why it is interesting to perform a similar analysis of sectoral contributions to aggregate employment growth and our data allows us to do so. Aggregate employment growth decomposition was thus performed for the total sample, LMICs and HICs for both the pre/ and post/1995 periods (Annex Table A1 .5a). Again, a comparison of trends between the two income groupings reveals some interesting differences but also, in contrast with trends in productivity, some similarities.
In HICs, Manufacturing, Wholesale and retail, Financial and business services and Construction are the most important contributors to employment growth; however, the contribution of employment growth in Manufacturing declined. Employment growth in Manufacturing more than halved in the post-1995 period, while the contributions of the Financial and business services, Wholesale and retail and, especially, Construction sectors increased. At the same time, Agriculture, which already contributed very little in the pre-1995 period, ceased to contribute significantly to employment growth in HICs.
In LMICs, Manufacturing's contribution is lower than in HICs and is following a similar downward trend. As in HICs, Construction has dramatically increased its contribution to employment growth in LMICs and has been approaching HICs levels. However, this is where the similarities with HICs end as the contributions of the Wholesale and retail, Transport and communication and Financial and business services sectors in LMICs diminish or become insignificant. In addition, and in contrast to HICs, the Public utilities sector becomes a small but significant contributor to employment growth.
LMICs are also different from HICs in the sense that Agriculture, Manufacturing and Wholesale and retail-the three sectors that contribute the most to labour productivity growth in LMICs (Annex Table A1 .1) and which have increased their productivity contributions over time-have seen falls in their contributions to employment growth. This most likely reflects a scenario where labour productivity growth occurs through rationalisation of employment rather than through growth in value added at unchanged employment levels. This can be contrasted with the trend in the Construction sector which, based on our estimates, has contributed much to employment opportunities in LMICs at the same time that its contributions to aggregate labour productivity growth has diminished. Somewhat more worryingly, the contributions both in productivity growth and employment growth of the Transport and communication and Financial and business services sectors-two important and growing contributors to productivity and employment growth in HICs-have fallen in LMICs.
Results of regressions of sectoral contributions to aggregate productivity growth which control for employment growth (Annex Table A1 .5b) tell us what the given sectoral contribution would be had employment in this and other sectors remained unchanged. They generally support the interpretation of trends in sectoral contributions to aggregate productivity and employment growth given above.
Overall, from the point of view of emerging economies, these sectoral productivity and employment growth decompositions suggest a number of conclusions. First, it will be important to create favourable conditions to develop further traditional sectors such as Agriculture and Manufacturing, which continue to be important and increasing contributors to country-level productivity. Here, as discussed in the introduction and literature review, trade and foreign investment can be of significant importance. Some of the channels through which trade can boost productivity of these traditional sectors are explored in the next sub-section. Second, our growth decompositions suggest a somewhat disturbing trend in several modern services sectors. We have shown that in HICs, services sectors such as Financial and business services, Wholesale and retail and Transport and communication are already important and growing contributors to both labour productivity and employment growth. Furthermore, the literature is unequivocal that their products provide important inputs into several other industries, particularly in those seeking to expand into foreign markets. In contrast, services sectors' contributions to aggregate productivity growth in the emerging economies covered in our sample (LMICs) have diminished or became insignificant with time. The exception to this has been the Wholesale and retail sector, which remained a significant contributor. This suggests that policies that stimulate productivity in services sectors will be particularly important. Some channels through which trade can help increase productivity of these sectors are explored in the next sub-section.
What are the trade-related characteristics of these high-priority sectors?
As a background to our discussion of the relationship between productivity and structural trade characteristics at the sector level, it is worth pointing out that economy-wide labour productivity is positively correlated in our dataset with changes in economy-wide trade openness. This is showcased in Figure 1 below, which juxtaposes labour productivity in 2005 (logarithmic scale) on the vertical axis and changes in the ratio of the sum of exports and imports to GDP, indicated on the horizontal axis. While for reasons of data availability the dependent and independent variables enter our regressions in levels-not in rates of changelevels and rates of change can be in fact intimately related (in general changes are differences between levels) and economic theory does not provide any clear guidance on the exact type of dynamic relationship between trade and openness that can be expected. Thus, for comparison, Figure 2 juxtaposes changes in labour productivity in 2005 and changes in the ratio of the sum of exports and imports to GDP in the preceding year. We see that the correlation between productivity growth and changes in trade openness is higher than in Figure 1 . 9 Overall, Figures 1 and 2 suggest a positive relationship between productivity and trade openness but there is considerable variation across countries. This is an additional motivation for an econometric investigation of the relationship between productivity and various structural trade indicators. An econometric approach allows controlling for some of the confounding factors that cannot be controlled for when looking at Figures 1 and 2. 9.
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The positive relationship between labour productivity and trade illustrated in the simple graphs above is also demonstrated in our regressions relating sectoral labour productivity to sector-specific trade-related indicators derived from the OECD Input-Output tables (Table 2) . However, it is worth pointing out at the outset that some caution with interpreting the results is warranted. In particular, even though the specification of equation (2) aims to prevent such a possibility, our approach might still suffer from econometric endogeneity, where the righthand-side variables and the error term in (2) remain correlated and lead to a so-called endogeneity bias. The two possible causes of endogeneity in our case are omitted variables and simultaneity. The first possibility is minimised in our approach by including a relatively generous list of independent variables, including various measures of export and import integration, as well as the per capita income to control for the level of development, the share of value added in output to control for the value added characteristics of the sector, and the country and year fixed effects to control for unobserved country and year effects. Simultaneity-another form of econometric endogeneity-might also be relevant for some of our right-hand-side variables. This may be the case since, for example, imports and productivity may depend on each other (increase in productivity leads to an increase in income and an increase in income may lead to higher imports) although all our trade variables enter the equation as ratios (e.g. the import penetration ratio is calculated as the ratio of the value of imports and the value of total output) which in our view makes the simultaneity problem less likely. An appropriate method to control for both these forms of endogeneity would be to use an exogenous instrumental variable (IV) (e.g. Wooldridge, 2002: pp. 621) . 10 However, in light of the limited number of periods in OECD Input-Output tables and the lack of evident instrumental variables to deal with potential simultaneity, endogeneity remains a caveat.
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Bearing this in mind, we estimate equation (2) for three country sub-samples (total; low and middle income countries and high income countries) and report result in Annex Tables A1.6-A1.6b. Considering all countries (Annex Table A1 .6), we find the export exposure ratio to have a positively and statistically significant correlation with labour productivity, with a 10 percentage point increase in the export exposure ratio being associated with approximately 0.08% increase in the level of labour productivity. The result for the LMICs sub-sample (Annex Table A1 .6a) is very similar although statistical significance is lower than for the total sample. The result for HICs is yet less precise in statistical terms although positive and of the same order of magnitude in most specifications (Annex Table A1 .6b). This suggests that the positive correlation of export exposure and labour productivity is particularly significant in emerging economies. This finding is in line with, for example, the hypotheses put forward by the firm-level trade literature linking exporting to higher firm productivity levels (e.g. Melitz, 2003; Melitz and Ottaviano, 2008; .
A 10 percentage point increase in the import penetration ratio is associated with approximately a 0.09% increase in labour productivity when the total country sample is considered and this point estimate is highly statistically significant. It is noteworthy, however, that the results for LMICs and HICs groupings differ. In fact, coefficients for LMICs have negative signs and are statistically significant in some specifications while coefficients for 10.
A multi-step IV estimation with a valid instrumental variable provides efficient and consistent results with asymptotically valid 2SLS or 3SLS standard errors and test statistics (Bergstrand and Baier, 2007: p. 82).
11. There will be more scope to control for endogeneity when more periods are available in OECD Input-Ouput and TiVA datasets.
HICs are positive but mostly statistically insignificant. These features suggest a certain econometric fragility of the results on import penetration.
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These results are obtained while controlling for shares of value added in output, which turns out to be positively and mostly significantly related to labour productivity, particularly in HICs. Depending on the specification, a 10 percentage point increase in the share of value added is associated with between a 0.08 and 0.16% increase in labour productivity for the total sample, raising to up to 0.21% for HICs. In contrast, we do not find a statistically significant relationship between productivity and the intermediate use ratio in any of the country groupings. This suggests that sectors supplying intermediate inputs and final goods are, on average, equally productive in our sample. We also do not find a significant relationship between productivity and the share of 'within' productivity growth-our proxy for the degree of structural change. The latter result suggests that sectors where productivity growth happens mostly within the sector, i.e. without significant changes in employment, are on average as productive as sectors where productivity growth can be ascribed mostly to changes in employment.
A number of interesting findings are established with respect to imports of intermediate inputs. The imported intermediates ratio has a positive and statistically significant correlation with productivity and the estimated elasticity is among the highest in the model: a 10 percentage points increase in the share of imported intermediate inputs (including inputs from all supplying sectors) is associated with approximately a 0.3% increase in labour productivity in the total country sample (Annex Table A1 .6, Column 3). Interestingly, this estimate increases to 0.45% when LMICs are considered alone, suggesting that this association is particularly important for the emerging economies.
The association between the re-exported intermediates ratio and productivity is negative and statistically significant in some specifications for the total country sample but positive and highly statistically significant for LMICs. This suggests that not only is there a positive association between the share of imported intermediate inputs and productivity in this country grouping but that productivity tends to be yet higher when a large of these inputs is further processed for export. This result would confirm some of the hypotheses about the positive impact of the processing for exports model of integration into global value chains, particularly from the point of view of emerging economies. No such result is found for HICs which suggests that while there is a positive association between the share of imported intermediate inputs and productivity, this might not necessarily be associated with processing for export any more than with using these intermediate inputs for production of other intermediate inputs or final products that are destined for the domestic market. These results point to the particular 12.
Coefficients on import penetration should also be interpreted in light of the fact that the imported intermediates and re-exported intermediates ratios are controlled for and that these ratios are highly and positively associated with productivity levels in LMICs. That imports of intermediate inputs and, particularly for LMICs, re-exports are positively correlated with productivity underlines the importance of being able to integrate into regional and global value chains for LMICs. Having controlled for these effects, the coefficient on import penetration ratio should be interpreted more in the context of import competition. One possible explanation of the sometimes negative sign on this variable in the LMICs sample is that the ratio of the value of imports to the value of total output may be particularly high in sectors where LMICs do not have comparative advantage which may in turn be correlated with low sector-level labour productivity. If causality was to run from import competition to labour productivity this could be due to the continued presence of some of the economic and institutional deficiencies in the LMICs grouping which might result in negative effects of import competition on productivity.
importance for emerging economies of being able to integrate into regional and global value chains.
When we distinguish between imported intermediates from specific supplying sectors 13 (Annex Table A1 Interestingly, these results also hold strongly when we consider LMICs only albeit the ordering of most important intermediates according to the magnitude of their positive correlation is slightly different. For example, a 10 percentage point increase in the ratio of imported Electricity, gas and water and Financial intermediation inputs are associated with as much as, respectively, increases of 1.4 and 0.4 percentage points in productivity. These magnitudes illustrate the general result that the positive association between imported intermediate inputs is particularly important for the emerging economies.
The regressions also yield some negative associations between productivity and shares of imported intermediate inputs for some of the more traditional supplying manufacturing sectors, such as Textiles, textile products, leather and footwear (17 through 19), Manufacture of rubber and plastics products (25) and Manufacture of other transport equipment (35), including in LMICs and HICs sub-samples.
In this context, it is interesting to compare the shares of imported intermediate inputs across the countries in the sample. Figure 3 below presents these ratios for inputs from the key supplying sectors, while Annex Table A1 .7 presents a 'heat chart' with imported intermediate inputs ratios plotted for all countries and sectors. Figure 3 makes clear that the extent to which intermediate inputs are imported is somewhat sector-specific. Mining and quarrying and Manufacture of coke, refined petroleum products and nuclear fuel, for example, record import ratios as high as 40%. On the other hand, the share of imported Electricity, gas and water typically does not exceed 5%. More importantly, however, there is a significant variation in import ratios across countries, which suggests that there is considerable opportunity to boost productivity growth by improving access to foreign intermediate inputs from key supplying sectors.
Some emerging economies, such as China or India, tend to record relatively low imported intermediates ratios, which hint at barriers to integration with international intermediate input markets. The low ratios could be driven by the low level of economic development, but in our sample this does not seem to be the case as both Brazil and Indonesia record much higher shares of imports for some of their intermediate inputs. For example, while India and China's import ratios of Electricity, gas and water or Real estate activities inputs are very low, Brazil's ratio is on par with shares in some of the high income OECD countries. Similarly, while many emerging countries' shares of imported Financial intermediation inputs are very low, Indonesia records the highest ratio of all countries, with more than 10% of Indonesia's 13.
An overview of different sectors according to the International Standard Industrial Classification of All Economic Activities, Rev.3 is given in Annex 
Minning and quarrying (10 to 14)
As revealed by the conclusions of our productivity growth decomposition in Section 4.1, from the point of view of emerging economies it is important to create favourable conditions to further develop the Agriculture and Manufacturing sectors, which continue to be important and increasing contributors to country-level productivity. In addition, several modern services sectors, such as Financial and business services and Wholesale and retail, as well as Transport and communication, are likely to become important elements in structural change in these countries that will contribute to increased income levels. Thus, our third set of regressions separately explores each of these priority sectors to determine which specific imported intermediate inputs might be associated with higher productivity. Results of these sector-specific regressions, presented in Annex Tables A1.8 While a number of methodological caveats are attached to the results of these sectoral regressions (see footnote 14), in several cases they do seem to reveal plausible links between demanding and supplying sectors. Combined with the results from regressions for all sectors, they emphasise the importance of having access to foreign inputs. In fact, the coefficients on imported intermediate inputs suggest significant magnitudes as compared, for example, with coefficients on general export and import exposure ratios. Overall, these results suggest that imports may indeed be as important as are exports in boosting productivity and they provide some specific guidance as to which imported inputs are most strongly correlated with productivity.
14.
Given the number or observations and estimated parameters, the number of degrees of freedom is an issue here and this is revealed in lower statistical significance of coefficients on a number of explanatory variables.
Conclusions
Allowing firms to access a broader and less costly variety of imported inputs and skills through trade, as well as the technology embedded in these inputs, can result in substantive productivity gains. Therefore, trade protectionism does not only harm domestic consumers, but can also thwart productivity gains, undermining the global competitiveness of domestic industries as a result. For reasons related to the data that was used, recent work has focused mainly on specific end-use sectors or specific importing countries and has not distinguished between different supplying sectors. This paper fills this gap and sheds additional empirical light on the links between labour productivity and various structural trade indicators using the OECD Input-Output database, combined with the recent McMillan and Rodrik data on employment, value added and labour productivity.
The augmented dataset allows us to determine productivity developments at the sector level, identify the sectors that contribute the most to an economy's total labour productivity growth in different income groups and track the evolution of these sectoral contributions over time. It also allows us to illustrate empirically the relationships between labour productivity and sector-level indicators of export and import penetration, shares of re-exported intermediate goods, shares of value added in output, the extent to which productivity growth is driven by structural change and the proportion of imported intermediate inputs used in different supplying sectors. The presented approach uses some of the concepts elaborated on in the OECD-WTO Trade in Value Added project and can be readily extended to incorporate the new TiVA indicators as they become available.
Our results suggest that sectors such as Agriculture, Manufacturing and Wholesale and retail continue to be important contributors to country-level productivity and employment growth in emerging economies. In addition, there are significant potential productivity gains to be had from development of some of the key services sectors such as, for example, Financial and business services or Transport and Communication, which are sometimes relatively underdeveloped in emerging economies. These services have the potential to become important elements in structural change in emerging economies--structural change that will contribute to increased income levels. This is more so since high quality services are an important input in increasing the competitiveness of agricultural and manufacturing production.
While various arguments have been made in the literature about the role of trade openness and various forms of policy interventions in the development process, our analysis focuses specifically on trade indicators. It shows that various forms of trade integration will be of significant importance in supporting productivity growth. In particular, our results provide supplementary evidence for the claim that exporting is associated with higher productivity levels. We estimate that in low and middle income countries a 10 percentage point increase in the export exposure ratio is associated with approximately 0.1% increase in labour productivity.
We also establish that the use of foreign inputs in key services and goods sectors in emerging economies has a particularly strong association with productivity in emerging economies; a 10 percentage points increase in the share of imported intermediate inputs (including inputs from all supplying sectors) is associated with approximately 0.5% increase in labour productivity. Electricity, gas and water, Financial intermediation, and Real estate activities are three examples of inputs imports of which are found to be most highly associated with economy-wide productivity in this country grouping. Variation in intermediate imports ratios across countries suggests that there is considerable scope for productivity growth by improving access to foreign inputs originating from these key supplying sectors. Furthermore, we find a strong positive link between re-exports of imported intermediates and productivity in emerging economies. All these results point to the importance for them of being able to integrate into regional and global value chains.
Thus, the empirical results of this study yield a strong support to the hypothesis of a positive link between trade and productivity in emerging economies and show that this includes both exports and imports. At the same time they emphasise important linkages between different economic sectors and thus stress the need for broad-based approaches to facilitating integration with foreign intermediate inputs and final products markets.
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